Study design: Retrospective prognostic study Objective: To evaluate whether patients with anatomical deformity due to scoliosis have a higher frequency of inaccurate pedicle screw insertion and related complications using the free-hand technique compared with those whose normal anatomy had been impacted by trauma.
Methods evaluation and class of evidence (CoE)
The definiton of the different classes of evidence is available on page 73. Excluded from analysis (n = 11) Patients without CT (n = 11) Lost to follow-up (n = 0) Death (n = 0) Too few sacral screws placed (n = 31 screws)* * The exclusion of the sacral screws from analysis did not decrease the number of patients in either group.
Trauma group (group A) (n = 48 patients, with 289 screws)
Scoliosis group (group B) (n = 24 patients, with 256 screws)
Available for analysis
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STUDY RATIONALE AND CONTEXT
Pedicle screw fixation affords multidimensional control, greater rigidity, and may increase the fusion rates [1] [2] [3] [4] [5] compared with other options making it the method of choice for most surgeons. However, accurate insertion relies heavily on anatomical landmark identification. Distortion of anatomy and spatial orientation, which occurs in adult scoliosis with spondylosis for example, may make landmark identification difficult. When inserted incor rectly, pedicle screws can cause neurological or vascular injuries. Understanding which patient groups may be at higher risk for screw misplacement is therefore important.
OBJECTIVES
To evaluate the frequency of pedicle screw misplacement and complications in patients with severe anatomical distortion (adult scoliosis) compared to those with normal anatomy (trauma patients) following posterior instrumentation using the free-hand technique. Our hypothesis was that a higher frequency of screw misplacement would occur in patients with severe anatomical distortion. 
Exclusion criteria:
In the scoliosis group, ten patients were excluded because the curve was less than 20°.
Patient population and pedicle screw placement compared ( Figure 1 ): • All patients instrumented with pedicle screws for trauma or scoliosis (more than 20° Cobb angle) as the main diagnosis were eligible and screened for inclusion (N = 83). Data from postoperative CT scan was not available for eleven patients, leaving 72 patients available for analysis, with a follow-up rate of 86.7% . • Two groups of consecutive patients, one with traumatic injury (n = 48) and the other with adult scoliosis with a mean deformity of 45° (n = 24), treated with posterior instrumentation using pedicle screws were available for analysis. • In the trauma group (group A), posterior instrumentation utilizing 291 pedicle screws was done; 111 screws were placed in the thoracic spine, 178 in the lumbar spine, and two in the sacrum. • In the adult scoliosis patients (group B) a total of 287 pedicle screws were placed; 73 placed in the thoracic spine, 183 in the lumbar spine, and 31 in the sacrum. Six patients had at least one previous surgery.
• After all the screws were placed, a fluoroscopic visualization of every screw was obtained in the frontal, lateral and oblique views to confirm their correct position, or to make the necessary corrections. In all cases a careful posterolateral arthrodesis with autologous bone grafts taken from the iliac crest was performed. Additional technical details can be found in the web appendix at www.aospine.org/ebsj.
Outcomes and prognostic factors:
• Screw misplacement was the primary outcome of interest (Table 1) . Screw position on postoperative CT (sagittal and frontal reconstruction) was defined using the classification system of Gertzbein and Robbins [3] that assigns a grade from 0-3 related to amount of pedicle perforation. The modification by Karagoz Guzey, et al [7] which includes determination of medial or lateral penetration was also used. (See web appendix for complete classification description at www.aospine.org/ebsj.) Postoperative CT was performed immediately in trauma patients and the timing was variable in patients with scoliosis. Definitions of screw misplacement were as follows (Table 1 and Figures 2-5 ): -simple cortical breeches = misplacement grades M1, L1 and A1 -true misplacements = misplacement grades M2, L2, A2, M3, L3, and A3 -severely misplaced screws = misplacement grades 2 and 3 • Vascular and neurological complications due to screw misplacement requiring a second operation were recorded.
• The prognostic factor of interest was presence of anatomical distortion.
Analysis
• All images were examined by two fellows and one junior staff, none of whom participated in patient management. Determination of screw position was based on consensus.
• Analysis was confined to thoracic and lumbar screws since there were too few sacral screws (ie, 2) placed in the trauma group (group A) compared with the scoliosis group (group B, 31 screws) for valid analysis.
• Relative risk (RR) estimates and 95% confidence intervals with corresponding chi-square statistics were calculated. Fisher's exact test was used when small numbers of patients (< 5) were involved.
Additional methodological and technical details are provided in the web appendix at www.aospine.org/ ebsj.
RESULTS
• Trauma patients were younger (36 years old) and predominantly male (60.4%) compared with scoliosis patients (56 years old, 12.5% male) (Table 2 ).
• Patients with scoliosis had no increased risk of screw misplacement with respect to the total frequency of misplaced screws (ie, any screw outside the perfect position or grade 0) overall, or when cortical breeches or severely misplaced screws in general were evaluated separately (Table 3) . Subanalysis of patients with severely misplaced screws suggests that penetration of the anterior cortex may be more common among patients with scoliosis. (See web appendix at www. aospine.org/ebsj tables for details by level.) • When comparing the groups with respect to screws placed in the same region, cortical breeches (M1, L1, A1) in the lumbar spine were statistically higher in patients with scoliosis (P = .0051), but not clinically relevant.
• Overall, there were more misplaced screws in the thoracic region compared with the lumbar region in both groups: 20% thoracic versus 5% lumbar in the trauma group (P = .00008) and 21% versus 14% in the scoliosis group (not significant).
• No vascular complications requiring reoperation
were reported in either group and only one patient in the scoliosis group underwent screw removal for right L5 radicular pain which did not respond to conservative treatment. • As in many other series [3, 8, 9] , most of the malpositioned screws in our study were of no clinical significance and only two of the 545 screws (0.4%) posed an indication for removal. The reported frequency of screw misplacement and related complications varies across studies [3, 10, 11] . The variation may in part be due to differences in misplacement classification, surgeon experience, and pathologies treated.
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• Contrary to our hypothesis, no significant differences in the rate of misplaced screws, either simple cortical breeches or severely misplaced, between patients with severe anatomical distortion and those with normal anatomy were found.
• Failure to identify a significant difference between groups might be partially explained by technical factors that favor screw placement in scoliotic patients.
Long incisions with extensive dissection may enhance a three-dimensional orientation and facilitate the introduction of the pedicle finder in the desired position. The long multisegmental instrumentation utilized in scoliosis may leave some 'difficult-to-find' pedicles with no screws. In the scoliotic thoracic spine, if the surgeon is unsure about a screw position it can be replaced by a hook. Finally, when a decompression is performed, usually at the most affected dysplastic levels of the scoliotic lumbar segments, pedicles can easily be palpated from inside the canal. Failure to detect a statistically significant difference may also in part be due to lack of power to detect differences in relatively rare events.
• Limitations include the retrospective study design that made it impossible to record screw replacement due to malposition during surgery, (as opposed to only evaluating screw position on postoperative CT) and only results from experienced surgeons were evaluated. Another limitation is that we did not consider for this study confounding factors such as osteoporosis or BMI that could influence the screw placement accuracy. • After comparing these two different pathologies and regions we were not able to isolate a group under a higher risk for complications requiring a more accurate method for screw placement (eg, navigation systems).
SUMMARY AND CONCLUSIONS: KEY pOINTS
• The presence of vertebral anatomical changes related to adult scoliosis was not associated with an increase in the screw-related neurological or vascular complications and does not require a more accurate method for screw placement.
• Pedicle screws placed by experienced surgeons give rise to a low rate of vascular or neurological complications.
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